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Michael P. Fischbein, MD, PhD,a and D. Craig Miller, MD,a Stanford, Calif, and Toronto, Ontario, CanadaThe interindividual variability of pathologic bicuspid aortic
valve (BAV) configuration is increasingly recognized. The
2007 classification system of Sievers and Schmidtke1 de-
scribes this diversity of BAV cusp and commissure morpho-
logic characteristics in an unambiguous fashion, thereby
facilitating clear communication regarding pathologic
BAV cusp configuration. There are numerous associated
cardiovascular malformations, but the most common asso-
ciated problems are ascending aortic and arch dilation.
Four different clusters of BAV-associated aortopathy
were identified by cluster analysis of computed tomo-
graphic or magnetic resonance thoracic aortic images and
introduced by Fazel and associates2 in 2008. The relation-
ships between valvular configuration and pattern of BAV
aortopathy, however, were unclear. Valve configuration
and aortopathy pattern might be linked to hemodynamic
conditions resulting in different distribution and extent of
shear and/or stretch along the anterolateral aspect of the
ascending aortic wall. Alternatively, there could be pheno-
typic variability related to specific gene mutations leading
to various BAV cusp configuration types being associated
with specific aortopathy patterns.
Fazel and associates2 did not identify an association be-
tween type of valve configuration and aortopathy pattern
in 64 patients with a BAV. We updated their assessment us-
ing 127 BAV patients according to the Sievers BAV type
and Stanford Fazel BAV aortopathy clusters (I-IV). The
Sievers BAV type was determined intraoperatively, and
aortopathy pattern was based on assessment of gated,
thin-slice computed tomographic imaging with 3-dimen-
sional reconstruction of the aortic root, tubular ascending
aorta, and aortic arch by 2 independent observers.
Inasmuch as both valve configuration and Fazel cluster
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measures were used to judge the strength of association
between certain BAV types and aortopathy clusters (formal
normalization of data was unsuccessful). The null hypothe-
sis of no difference between groups defined by the Sievers
valve configuration or between the Fazel BAV aortopathy
clusters was also tested. We wanted to clarify this question:
Is there any kind of relation between BAV configuration and
localization/extent of the aortopathy?
Neither correlation nor analysis of variance results was
significant: Spearman correlation was not significant for
any pair of Fazel cluster and Sievers cusp configuration
types (P>.05). When patients were assigned to different
groups according to Sievers valve type, analysis of variance
on ranks test showed no significant differences in aortop-
athy clusters (P ¼ .543). Comparison of groups according
to Fazel aortopathy cluster using the same test revealed
no significant difference when tested for Sievers cusp type
(P ¼ .111).
Subjectively, a distinctive fifth type of aortic morpho-
logic disease not captured completely by our earlier quanti-
tative, objective cluster analysis was noted frequently by
both observers. This cluster included enlargement of the
aortic root (sinuses of Valsalva) and the tubular ascending
aortic segment (combination of Fazel clusters I and II).
We describe this finding as cluster ‘‘Ia,’’ with preserved si-
notubular junction and normal tubular ascending aortic seg-
ment (formerly, Fazel cluster I), and cluster ‘‘Ib,’’ in which
the sinotubular junction is effaced and the tubular ascending
aorta is dilated (Figure 1). This impression requires valida-
tion in larger series of BAV patients. It should be noted that
patients with isolated single-sinus aneurysmwith or without
ascending aortic aneurysm are currently not captured by
any of the Fazel clusters. Future studies should focus on
this specific, interesting patient substrate.
Debate continues about the impact of genetically deter-
mined intrinsic disease of the aortic wall, as opposed to
altered hemodynamics increasing shear and stretch on the
aortic wall, leading to progression of aortopathy. Hypothet-
ically, hemodynamic sequelae of different BAV types might
lead to different levels of aortic wall strain in different
aortic regions. A significant association between Sievers
type 1/L- R (‘‘majority type’’) cusp configuration and
more severe degree of wall degeneration in the ascending
aorta compared with Sievers 1/R-N (‘‘minority type’’) and
1/N-L valves has been described.3 Valve function might
be of importance, although not tested in detail in this study.ery c August 2012
FIGURE 1. Four types of aortopathy (white numbers) originally identified by cluster analysis of 64 patients (2) and modification of the original cluster
1 (now 1a and 1b). White double arrows, dilated aortic segments. White arrowheads, Sinotubular junction (STJ) preserved/dilated in clusters 1a and 1b.
Yellow arrowheads, Normal sinuses in clusters 2 and 3. The two inlays give an overview over prevalence of Sievers types and Fazel clusters in this series
of patients.
Brief Research ReportHowever, valve function has been shown to correlate with
qualitative severity of aortopathy.4 Acute outflow jet angles
from the left ventricular outflow tract correlate with
increased circulating levels of matrix metalloproteinase-2
and matrix metalloproteinase-9 and with more severe aortic
dilation5; on the other hand, even normal tricuspid aortic
valves can be associated with stiffer, less compliant, and
enlarged thoracic aortic walls in first-degree relatives of pa-
tients with a BAV. Aortic dilation can progress after isolated
BAV replacement, which could portend more subsequent
aortic complications.
Our data suggest that the location and the extent of
aortopathy, described as Fazel-Stanford clusters, are not
directly interrelated to BAV configuration. As a conse-
quence, unlike local qualitative medial disease, aortopathy
cluster is probably not predetermined by hemodynamics.
This implies the possibility of cusp fusion pattern on the
one hand and longitudinal extent and arch involvement ofThe Journal of Thoracic and Cathe aortopathy on the other hand, representing different
pathophysiologic substrates.
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